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This paper describes the design, implementation and benchmarking of a framework to 
automate the process of geometric digital twinning for existing slab and beam-and-slab bridges. 
Called Lukis, the framework followed a top-down strategy to detect and twin bridge concrete 
elements in point clouds into an established data format. Existing software packages require 
modellers to spend many hours generating shapes to fit point-cloud sub-parts. Previous 
methods can generate surface primitives combined with rule-based classification to produce 
cuboid and cylinder models. While these methods work well in synthetic datasets or simplified 
cases, they encounter challenges when dealing with real-world point clouds. This challenge 
was tackled by investigating the entire workflow of geometric digital twinning for bridges and 
proposing a new framework to auto-generate bridge objects without needing to generate 
low-level surface primitives. The framework was implemented on a single software platform. 
Experiments demonstrated its ability rapidly to twin geometric bridge concrete elements. 
Compared to manual operation, the framework reduced the overall twinning time by at least 
95% while the twinning quality (spatial accuracy) was improved. Lukis is the first framework 
of its kind to have achieved geometric digital twinning for primary concrete elements of 
bridges on one platform. It has laid foundations for researchers to generate semantically 
enriched digital twins. 







V Volume of an arbitrary 3D solid 
n Number of slices with equal thickness 
A(x) Area of the cross-section of a slice 
a Start of the volume along X-axis 
b End of the volume along X-axis 
Δx Slice thickness 
p(xpix, ypix) Screen coordinates 
Zc World coordinates in the camera system 
K Intrinsic parameter of a camera 
I Identity matrix 
R, T Extrinsic parameters of a camera (rotation matrix and translation 
vector) 
p(xw, yw, zw) World coordinates  







Bridges are fundamental to a nation’s transport infrastructure network. Every time a bridge 
collapse occurs, the public is reawakened to the fact that its most iconic structures need 
constant vigilance in the form of maintenance. In the USA and UK, federal and state agencies, 
and highway authorities have developed bridge inspection and rating tools (FHWA, 2012; Flaig 
& Lark, 2000) aimed at prioritising bridge rehabilitation projects. 
The USA and the UK spend US$12.8 billion and £4 billion every year respectively to 
address deteriorating bridges and maintain their road network (ASCE, 2013; NAO, 2018). The 
reasons behind these enormous costs are mainly because the manual inspection data available 
in existing bridge management systems (BMS) does not meet the standard of information 
needed for sound decision-making (ASCE, 2017). Innovative digital bridge documentation 
techniques are urgently needed to boost bridge management productivity. 
Building information modelling (BIM) has been introduced and adopted for many 
decades in the architecture, engineering and construction sector (Sacks et al., 2018). However, 
BIM is not an appropriate model for real-time operational response. Its design-centric and 
static nature impedes its usage within the operation and maintenance (O&M) phase and 
lifecycle asset management. Statistics show that the percentage of using BIM technology on 
over half of the infrastructure projects in the USA and Europe has doubled or even tripled from 
2013 to 2017 (Buckley & Logan, 2017). However, the implementation concentrates in the 
design stage and is almost absent in the O&M phase (Table 1). 
A digital twin (DT) (Grieves & Vickers, 2016; Parrott & Lane, 2017) comprises both 
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